A commercial platinized tin oxide catalyst used for low-temperature CO
features have been observed in a study of the electrochemisorption of Pt on tin oxide (6). This feature is more prominent than the Pt ESCApeaks in figure I.
In agreement with the ESCAdata, no contaminant peaks are apparent in this Auger spectrum. As the catalyst is reduced at various temperatures, very small changes are observed in the ESCAand Auger spectra corresponding to figures I and 2 but taken from the reduced surfaces.
Therefore, these survey spectra are not shown.
ISS is a particularly
useful technique for examining catalytic surfaces because it is very highly surface sensitive (outermost one or two atomic layers).
ISS spectra taken before (a) and after (b-e) reduction are shown in figure 4 . The spectrum shown in (a) consists of peaks due to O, Sn, and Pt, and the high inelastic background is characteristic of ISS spectra taken from nonmetallic surfaces.
In such a case inelastically scattered ions are not efficiently neutralized since the electron mobility at a nonmetallic surface is low so these ions contribute to the background signal.
A previous study by Asbury and Hoflund (7) showed that O penetrates beneath the surface during a room-temperature, oxygen exposure of polycrystalline Sn. This suggests that the fairly large O peak in (a) is due to O associated with the Pt and/or perhaps with hydroxyl groups attached to Sn (8) which may lie above the surface.
The ISS spectra shown in figure I (b) to (e) were obtained from samples reduced in 40 Torr of CO for I hour at 75, 100, 125 and 175°C respectively. All four spectra have two characteristics in common. Firstly, the pretreatments have resulted in negligible inelastic backgrounds which is indicative of the formation of surfaces with a metallic nature. Secondly, the O peak is no longer discernable after the reductions which is also consistent with the observation that the surfaces appear to be metallic.
The reductive pretreatment results in an increase in the Sn-to-Pt ratio, and the extent of this increase is greater at higher reduction temperatures. An increase in the ISS Sn/Pt ratio during reduction has been found to be indicative of alloy formation as described in a study of platinized tin oxide model catalysts by Gardner et al. (9) . All of the ISS spectra shown in figure 4 were taken using the same instrument settings, but the maximumpeak heights vary considerably. Although the variation is not understood, it could be due to changes in ion neutralization probability, surface morphological changes or changes in the concentration of surface hydrogen which have been shown to alter t_e ISS signal strength (10,11).
Sn 3d ESCAspectra and Sn(MNN)AESspectra taken before and after reduction are shown in figures 5 and 6 respectively.
Before pretreatment (airexposed sample) the Sn 3d5/2 lineshape and peak position (486.4 eV) indicate that the Sn is present in the +2 or +4 oxidation states most likely as SnO, Sn(OH) 2, SnO 2 or Sn(OH) 4 and that metallic Sn is absent.
As discussed by Hoflund et al. (12), it is not possible to distinguish between these species based on the ESCASn 3d peaks, but more specific information can be gained about these species using electron energy loss spectroscopy (ELS) (13,14), valence-band ESCA (8, 14), electron stimulated desorption (ESD) (8, 15) or secondary ion mass spectrometry (SIMS) (16-18).
The metallic ESCASn 3d5/2 peak appears at an energy of 484.6eV (19) . Whena small amount of metallic Sn and a relatively large amount of tin oxides or hydroxides are present, a slight broadening appears on the low binding energy sides of the oxidic ESCA Sn 3d features. This is the case for the 175°C-reduced sample as shown in ,l,,,'l,,,,l,l,,l,,,,l 
